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CD cluster of differentiation 
DMEM Dulbecco’s modified Eagle’s medium 
DSS sodium dextran sulfate 
ELISA enzyme-linked immunosorbent assay 
FDAA N!-(5-Fluoro-2,4-dinitrophenyl)-L-alaninamide 
FITC fluorescein isothiocyanate 
HBSS Hanks' balanced salt solution 
HPLC high performance liquid chromatography 
IBD inflammatory bowel disease 
IEC intestinal epithelial cell 
IFN-! interferon-gamma 
IL- interleukine- 
LTA lipoteichoic acid 
MHC major histocompatibility complex 
MLCK myosin light chain kinase 
MPO myeloperoxidase 
PBS phosphate buffered saline 
PCSK Pam3Cys-Ser-(Lys)4 
Th helper T cell 
TER transepithelial electric resistance  
TLR Toll-like receptor  
TNF-" tumor necrosis factor-alpha 
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Figure 1-1Gut-associated lymphoid tissue (cited from reference 1)!
!
Peyer’s patches and isolated lymphoid follicles (ILF) are composed of specialized follicle-associated 
epithelium (FAE) containing M cells,  subepithelial dome (SED) rich in dendritic cells (DCs), and 
germinal center (GC).  Class switch recombination (CSR) and somatic hypermutation (SHM) occur 
mainly in GC-B cells. Lymphocytes, including T and B cells, enter the Peyer's patches through high 
endothelial venules (HEV). The diffuse tissues of the lamina propria contain a large number of plasma 






























Figure 1-2Transition of number of patients with IBD!
                     (cited from the web pages of Japanese Intractable Diseases Information Center)  !
Reported cases of patients with ulcerative colitis in Japan







Figure 1-3Recurring terms illustrating biological processes implicated by at least three genes 
represented in IBD loci!
!
Font sizes are proportional to the number of genes associated with each respective process.!
12


































Figure 1-5  Differentiation of T cells
14
Figure 1-6Activation of T cell by antigen-presenting cell (APC) (cited from reference 29)!
 
T cell activation requires two signals. The first signal is provided by interaction of the T cell receptor 
(TCR) with antigenic peptide presented on major histocompatibility complex (MHC) molecules. The 
interaction of costimulatory molecules, such as CD28 and B7, provide the second signal. 
15
Figure 1-7Relationship between intestinal barrier dysfunction and abnormal immune !
                     responses (cited from reference 43) 
16
Figure 1-8Toll-like receptor (TLR) family (cited from reference 60) 
17
 Small intestine Colon
 mRNA Protein mRNA Protein
TLR1 !  ! 
TLR2 ! ! ! !
TLR3  ! ! !
TLR4 ! ! ! !
TLR5  ! ! !
TLR6 ! 
TLR7 !  ! 
TLR8   ! 
TLR9  ! ! 
TLR10  
TLR11
Table 1-1  Expression of Toll-like receptor (TLR) family in human intestinal epithelium !
(modified from reference 61)!
!"!Expression was observed at mRNA and/or protein level. 　!
－!"!Absent expression was confirmed.!




























 tight junction 0LPˍ˕ŷ0ƒǖ+)ɡȰ˼ǧƌƋ
(transepithelial electric resistance; TER)ÂGȁĽC+.@B (69)

LactobacillusŎ 4ʋǌ0qJ½ʷóǉG in vitroʭ̏*Ǧ˅$9$
ȍ
ȪŷʀȨŹi*CiS^jȿˡljM̗ dextran sodium sulfate; 









 ̗ǌ̘ƳǮǒ½ƽ0 Lactobacillus delbrueckii ssp. bulgaricus no. 3
Lac- 
 20 
tobacillus casei no. 9
Lactobacillus gasseri no. 10
@3 L. rhamnosus 














 In vitro ʭ̏.1 Caco-2 ɞɺ(ATCC HTB-37






m\̗ Life Technologies 
̘ 100µg/ml ^jxjL\̗ Life 































 ʳʝ$ Caco-2 úŐɞɺ0ĈMN0ÔÅ̗apical Å̘ġ̍Ǻ. 2!105 
cells/ml 0ȌŠ0ʙǑʋǌƂȋǺG 500µl ǽð



















Yj0 TER Â*˰) TER ȷŅÂ̗Relative TER̘GɓÜ$
TNF-!ǽð 48ƶ˪ġ̍ū.ĬÅġ̍Ǻ0 IL-8ȌŠGELISAǰ.@BȁĽ
$ȁĽ.1
ŕʹ0 ELISA Sgj (Duo Set ELISA development system 
human CXCL8/IL-8, R&D Systems) Ŭ') IL-8
ȌŠ0ȁĽGʕ'$ü&
ƗƖƋ² (mouse anti-human IL-8, 4µg/ml) G 
96well microplate (Nunc) . 100µl
$Ǻ GƘ)
ǨÝG@˰$ū
wash buffer (0.05% Tween-PBS) 400µl
ǳǶ $DG 3ĘɯBˉ$ū
blocking buffer (1% BSA-PBS) G
300µl ǽð
  1 	"0ū buffer GƘ)

ĊǕ.3Ęwashing buffer  IL-8 standard (0, 
31.3, 62.5, 125, 250, 250, 500, 1000pg/ml) G 100µl 2
	ĊǕ. 3 ĘǳǶ  
ǑÜƋ²  (biotinylated goat 
anti-human IL-8, 20ng/ml) G 100µl 2
 22 
$3 Ę	
 -horseradish peroxidase 
(HRP) G100µl20 $3ĘǳǶ
























ɑʡè.Ŭ')ʕ'$̗Ƈʯ No. C10-17 ̘ 
 M^Ge. 4(0Vx̗n=3~4̘.Ý$Group 1̗None̘
.
1ưȴA 3ưȴ. PBSGɡĆƊ$Group 2̗ DSS̘.1 3.5% DSS
G̊:Ǩ+)





L. rhamnosusȠʋ9$1ǝʋ̗ 107 cells/mouse/day̘





































 ʀɔˍ˕ŷ0ʬ¸G Cario A(65)0Ưǰ.Ȅ)ʕ'$DSS ƊA 5 ư
ȴ.
vP`LLbfP\Jlj̗ fluorescein isothiocyanate; FITC̘














ȔG 1mM ]fPjLj̗dithiothreitol; DTT̘Gč; PBS* 3Ęǳ
 24 
Ƕ
5mM Of]Jė˟ˡ̗ ethylenediaminetetraacetic acid; EDTA̘







800 x g*˘ŲÝ˺)ȰɞɺGŭ$ 
 
2.8 SDS-PAGE@3Western blotting 





1% SDS@3 1% 




































Gč; 0.1% Tween-20/PBS . 1 ƶ˪ªǸ
wgSV$"0ū

PVDFʂG 1ǚƋ²̗ rabbit anti-ZO-1




$0.1% Tween-20/PBS * 5 Ý˪
3 Ęǳ
2 ǚƋ²̗HRP-conjugated 
anti-rabbit IgG Ƌ² , Kirkegaard & Perry Lab 9$1 anti-mouse IgG, 
Sigma-Aldrich̘GȢ









 ZO-1 C1 MLCK Ȯȝ0ʤǇū




































óǉ1ɀʯ*-'$̗Figure 2-2 A ̘ 
 9$
TNF-!ǽð.@B











1 TNF-!.@C IL-8ȡȠĨðGƽŽ.Ɖä$̗ Figure 2-2 B ̘
TER
Â±Ɖäóǉ.Ǧ6

























































































3.4 L. rhamnosus.@CʀɔqJ½ʷQm_ 
 L. rhamnosus .@CʀɔqJ½ʷQm_GʤƳC$<.
tight 
junctionǔƃʳɕdrUʽ.ȹȴ
in vitro@3 in vivo*0DA0
drUʽȮȝ˥0īõGʤǇ$ 





L. rhamnosus1 TNF-!æȊ.@C ZO-1Ȯȝ
ǿŉ








ZO-1 @3 MLCK ȮȝäŮ˫




















AD$̗ Figure 2-8 A ̘9$
DSSƊ.@BMLCKȮȝ=ǿŉ$̗ Figure 
2-8 B ̘0ɢǉ1









































DSS  3.5% 
0 1 2 3 4 5 day 
live L. rhamnosus (107cfu/mouse) 
Water 
0 1 2 3 4 5 day 
PBS 
DSS  3.5% 
0 1 2 3 4 5 day 
PBS 
DSS  3.5% 
0 1 2 3 4 5 day 









Figure 2-1. Study design of in vivo DSS-induced colitis in mice. Group 1 (None) mice were 
treated orally with PBS from day 1 to 3; group 2 (DSS) mice received drinking water with 
3.5% DSS and were orally administered PBS. Groups 3 and 4 also received drinking water with 
3.5% DSS, and 24 h after the start of DSS administration, mice were orally administered 107 





































































Fig. 1, Miyauchi et al
Figure  2-2.  Protective  effect  of  4  lactobacilli  on  tumor  necrosis  factor-!  (TNF-!)–induced 
changes in A) transepithelial resistance (TER) and B) IL-8 secretion by Caco-2 cells. Caco-2 
cell monolayers were treated with each species (105 cfu/well) or with medium alone (control) 
for 1 h, and the monolayers were exposed to TNF-!. Results are expressed as means ± standard 
error (n = 3). **P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-! alone 
(–). Ld = Lactobacillus delbrueckii ssp. bulgaricus no. 3; Lc = Lactobacillus casei no. 9; Lg = 


























None (—) Ld Lc Lg Lr
TNF-!
None (—) Ld Lc Lg Lr
TNF-!
31
Figure 2-3. Changes in body weight of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). *P < 0.05 and **P < 0.01 versus controls (none); #P < 0.05 and 
##P  < 0.01 versus DSS- treated mice (DSS). DSS+Lr  = mice treated with DSS and live L. 
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None!
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Figure 2-4. Changes in colon length of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). **P < 0.01 versus controls (none); ##P < 0.01 versus DSS- 
treated mice (DSS). DSS+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = 






































































Figure 2-5. Myeloperoxidase (MPO) activity in the jejunum, ileum, cecum, proximal colon and 
distal colon of mice with DSS-induced colitis. Results are expressed as means ± standard error 
(n = 4). *P < 0.05 versus control mice (none); ##P < 0.01 versus DSS-treated mice (DSS). DSS
































Figure 2-6. Intestinal permeability of mice with DSS-induced colitis. Results are expressed as 
means ± standard error. **P < 0.01 versus control mice (none); ##P < 0.01 versus DSS-treated 
mice (–). DSS+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = mice treated 



























































Figure 2-7.  Expression of  A) zonula occludens-1 (ZO-1) and B) myosin light-chain kinase 
(MLCK) in Caco-2 cells.  The expression of  ZO-1,  MLCK, and !-tubulin was detected by 
Western  blotting  of  the  cellular  lysates.  Images  are  representative  of  3  independent 
experiments. Results are expressed as means ± standard error (n = 3). *P < 0.05 and **P < 0.01 































































Figure 2-8. Colonic expression of A) zonula occludens-1 (ZO-1) and B) myosin light-chain 
kinase (MLCK) in mice with DSS-induced colitis. The expression of ZO-1, MLCK, and !-
tubulin was detected by Western blotting of the cellular lysates. Images are representative of 3 
independent experiments. Results are expressed as means ± standard error. **P < 0.01 versus 
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LYˡ̗ Sigma-Aldrich, 10µg/ml 
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 1 ƶ˪xLS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3.1 L. rhamnosusʋ©ʵȡȖ@3ˠɜÛȟʋ²0ʀɔqJ½ʷóǉ 





TER Â0±@3 IL-8 ȡȠ0ĨðʠAD$̗Figure 3-1 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3.2 E. hirae0ʀɔqJ½ʷóǉ0ʬ¸ 
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3.3 E. hiraeˠɜÛȟʋ²0ʀɔqJ½ʷóǉ 




















E. hiraeȣǄ LTA0ʀɔqJ½ʷóǉ0ʬ¸Gʕ'$ 
 
3.4 E. hiraeȣǄ LTA@3 TLR2Rk0ʀɔqJ½ʷóǉ 






LTAúș*= TNF-!.@C TERÂ±GƉä$̗ Figure 3-5 
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LTA@3 PCSK0 tight junction.Ā8ŧ̂ 
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Figure 3-1. Protective effect of L. rhamnosus (Lr) and L. rhamnosus-conditioned medium (Lr-
CM)  on  tumor  necrosis  factor-!  (TNF-!)–induced  changes  in  A)  transepithelial  resistance 
(TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means ± standard error 





































Figure 3-2. Protective effect of L. rhamnosus (Lr), actinase-treated L. rhamnosus (Ac-Lr), and 
lipase-treated L. rhamnosus (Li-Lr) on tumor necrosis factor-! (TNF-!)–induced changes in 
transepithelial resistance (TER). Results are expressed as means ± standard error (n = 3). **P < 


























































Figure 3-3. Inhibitory effects of anti-TLR2 antibody (0.1-10µg/ml) on the protective effect of 
L. rhamnosus (Lr) on tumor necrosis factor-! (TNF-!)–induced changes in A) transepithelial 
resistance (TER) and B) IL-8 secretion by Caco-2 cells.  Results  are expressed as means ± 
standard error (n = 3). **P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-
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Figure 3-4. Protective effect of E. hirae (Eh), actinase-treated E. hirae (Ac-Eh), and lipase-
treated E. hirae (Li-Eh), and mutanolycin-treated E. hirae (Mu-Eh) on tumor necrosis factor-! 
(TNF-!)–induced  changes  in  A)  transepithelial  resistance  (TER)  and  B)  IL-8  secretion  by 
Caco-2 cells.  Results  are expressed as  means ± standard error  (n = 3).  **P  < 0.01 versus 































































Figure 3-5. Protective effect of E. hirae (Eh), lipoteichoic acid (LTA), and of Pam3Cys-Ser-Lys4 
(PCSK) on tumor necrosis factor-! (TNF-!)–induced changes in A) transepithelial resistance 
(TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means ± standard error 

























































































None! Eh! LTA! PCSK!
Figure 3-6. Effect of E. hirae (Eh), lipoteichoic acid (LTA), and of Pam3Cys-Ser-Lys4 (PCSK) 
on Caco-2 cells not treated with tumor necrosis factor-! (TNF-!). In this experiment, the cells 
were  not  exposed  to  TNF-!  to  mimic  normal  (uninflamed)  conditions.  TER (a)  and  IL-8 
secretion (b) were measured after 48-h incubation. Results are expressed as means ± standard 




























Figure 3-7.  Expression of  A) zonula occludens-1 (ZO-1) and B) myosin light-chain kinase 
(MLCK) in Caco-2 cells.  The expression of  ZO-1,  MLCK, and !-tubulin was detected by 
Western  blotting  of  the  cellular  lysates.  Images  are  representative  of  3  independent 
experiments. Results are expressed as means ± standard error (n = 3). **P < 0.01 versus the 





























































































ʋġ̍Ǻ0ĎÎŠGȁĽC+.@BɓÜ$̗ OD600 of 1.0 = 2.82 ! 































Inertsil C18Q̗ 4.6mm ! 150mm, GL Science G̘Ȣ$Ɇôȷ A (20mM
ˡljM, pH 5.7) +Ɇôȷ B (20mMˡljM: J`jmj







2.3 Real-time PCR 









High-Capacity cDNA Reverse Transcription kit̗Life 
Technologies̘GȢ)ĉƃ$Real-time PCRāŴ1
KAPA SYBR Fast 
ABI Prism qPCR kit̗Kapa Biosystems̘GȢ
Applied Biosystems 7700 
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Table 4-2.  Effects of MgSO4 on dlt mRNA expression. 
Control MgSO4
(50mM)
dltA 1.00±0.07    0.34±0.08**
dltB 1.00±0.11    0.38±0.11*
dltC 1.00±0.13    0.34±0.11*
dltD 1.00±0.02    0.56±0.10*
dltX 1.00±0.29    0.27±0.08
 
Levels of dlt mRNA were normalized to 16S rRNA, and expressed relative to 
the sample incubated in control broth. Results are expressed as means ± SE 
(n = 3). *P < 0.05 versus control, and **P < 0.01 versus control. 
  
Figure 4-1. Quantification of D-Ala by HPLC. (A) The standard amino acids (D-Glu, L-Thr, L-
His, L-Arg, L-Ala, L-Lys, and D-Ala) were coupled with 1% FDAA, and the mixture (500nmol 
each) was applied to HPLC. Peak 1, D-Glu and L-Thr; peak 2, L-Lys; peak 3, L-His; peak 4, L-
Arg; peak 5, L-Ala; and peak 6, L-Lys; peak 7, D-Ala. (B) The regression line was constructed 
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Figure 4-2. D-Ala content was growth phase-dependent. (A) S. thermophilus was cultured, and 
the growth was measured spectrophotometrically at 600nm. Representative growth curve was 
shown. The bacterial cells were harvested at five time points, indicated by arrows (1, lag-phase; 
2, exponential-phase; 3, early-stationary-phase; 4, stationary-phase; and 5, death-phase). (B) 
The bacterial cells were harvested at the five points during growth , and the D-Ala content was 












































































Figure 4-3. D-Ala content was growth temperature-dependent. (A) S. thermophilus was cultured 
at 30°C, 37°C, and 43°C and the cell growth was measured spectrophotometrically at 600nm. 
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means ± SE (n 













































































Figure  4-4.  Effects  of  MgSO4  on  D-Ala  content,  and  barrier-protecting  activity  of  S. 
thermophilus.  S. thermophilus  was cultured in M17 broth or M17 broth supplemented with 
50mM  MgSO4.  (A)  The  cell  growth  was  measured  spectrophotometrically  at  600nm. 
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus control. (C) Caco-2 cell monolayers were treated S. thermophilus and 
TNF-!. TER was measured 48h after TNF-! treatment. Results are expressed as means ± SE (n 





























































































Figure 4-5. High concentration of culture medium increases D-Ala content and the barrier-
protecting effect of S. thermophilus. S. thermophilus was cultured in 2, 4.25, or 10% M17 
broth. (A) The cell growth was measured spectrophotometrically at 600nm. Representative 
growth curve was shown. (B) The bacterial cells were  were harvested at the early-stationary-
phase. The D-Ala content was quantified. Results are expressed as means ± SE (n = 3). **P < 
0.01 versus S. thermophilus cultured in 4.25% M17 broth (4.25%). (C) Caco-2 cell monolayers 
were treated S. thermophilus and TNF-!. TER was measured 48h after TNF-! treatment. 
Results are expressed as means ± SE (n = 3). *P < 0.05 versus non-treated monolayers (None).

























































































































Figure  4-6.  Effects  of  L-Ala  on  D-Ala  content,  and  barrier-protecting  activity  of  S. 
thermophilus.  S. thermophilus  was cultured in M17 broth or M17 broth supplemented with 
3mM  L-Ala.  (A)  The  cell  growth  was  measured  spectrophotometrically  at  600nm. 
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus control. (C) Caco-2 cell monolayers were treated S. thermophilus and 
TNF-!. TER was measured 48h after TNF-! treatment. Results are expressed as means ± SE (n 
























Bifidobacterium longun subsp. infantis̗ª
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2.9 Real-time PCR 
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)$̗Figure 5-7 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Table 5-1.  Primer sequences used in this study. 
  Gene Sequence 
CD80 Forword 5'-GCCTTGCCGTTACAACTCTC-3' 
 
Reverse 5'-TTCCCAGCAATGACAGACAG-3' 
CD86 Forword 5'-GGGTGGAAGAAAGGTAAAGC-3' 
 
Reverse 5'-AAGGAAATGAGAGAGACAGGTG-3' 
CD40 Forword 5'-GGCTTCGGGTTAAGAAGGAG-3' 
 
Reverse 5'-CCAAAGCCAGGGATACAGG-3' 
CD54 Forword 5'-TTCCAGCTACCATCCCAAAG-3' 
 
Reverse 5'-CTTCAGAGGCAGGAAACAGG-3' 
B7h Forword 5'-GTTGGCAGCTACAGCAAACA-3' 
 
Reverse 5'-GGCATCAGGGAGACCACTAA-3' 
B7-H1 Forword 5'-TGTGGTTTAGGGGTTCATCG-3' 
 
Reverse 5'-CCAGGTTCCATTTTCAGTGC-3' 
B7-DC Forword 5'-GCAATGTGACCCTGGAATG-3' 
 
Reverse 5'-ACGGTGTGGGGATGTATCA-3' 
B7-H3 Forword 5'-CCTGAGGCTCTGTGGGTAAC-3' 
 
Reverse 5'-GGTCGTCTTTGCCTTCTTTG-3' 
B7-H4 Forword 5'-ACCTCAGCTGGAAACATTGG-3' 
 
Reverse 5'-GGTCGTCTTTGCCTTCTTTG-3' 
H-2Ab1 Forword 5'-TCCGTCACAGGAGTCAGAAA-3' 
 
Reverse 5'-TTCGGAGCAGAGACATTCAG-3' 
H-2Eb1 Forword 5'-CCTGGTCTGCTCTGTGAGTG-3' 
  Reverse 5'-TCCTGTTTTCTCCTCCTTGC-3' 
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Figure 5-1. Changes in body weight of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). *P < 0.05 and **P < 0.01 versus controls (none); #P < 0.05 

























Figure 5-2. Changes in colon length of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). **P < 0.01 versus controls (none); ##P < 0.01 versus DSS- 

























































DSS+Bi!None! DSS! DSS+Bi!None! DSS!














































Figure 5-3. #$%$&'"()"*+,-! ("), IL-17 (B), IL-4 (C), and IL-10 (D), expressed in pg/mg protein, 
in the supernatants of colon tissue. Results are expressed as means ± standard error (n = 4). **P 




Figure 5-4. Ex vivo coculture of colonic epithelial cells and splenocytes. Experimental design of 
coculture (A).  Secretion of IFN-! (B) and IL-17 (C) were measured 5 days after coculture. 

















































Figure 5-5. Secretion of IFN-! (A),  IL-17 (B), IL-4 (C), and IL-10 (D) from coculture of 
intestinal epithelial cells (IEC) and T cells (T). Results are expressed as means ± standard error 





























































Figure 5-6. Secretion of IFN-! (A, B) and IL-17 (C, D) from coculture of intestinal epithelial 
cells and CD4+T cells (A, C) or CD8+T cells (B, D). Intestinal epithelial cells were isolated 
from control mice (None-IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated 
mice  (DSS+B.i  -IEC).  CD4+T cells  and CD8+T cells  were  isolated  from control  mice  and 
cocultured with IEC for 5 days. Results are expressed as means ± standard error (n = 4). **P < 
0.01 versus T cells alone (T). ##P < 0.01 versus coculture of IEC from DSS-treated mice  and T 
cells (DSS-IEC / T). !
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Figure  5-7.  Relative  mRNA expression  of  costimulatory  molecules  (CD80,  CD86,  CD40, 
CD54, B7h, B7-H1, B7-DC, B7-H3, and B7-H4) and MHC molecules (H-2Ab1 and H-2Eb1) 
in intestinal epithelial cells isolated from control mice (None-IEC), DSS-treated mice (DSS-
IEC), or DSS- and B. infantis-treated mice (DSS+B.i -IEC). Results are expressed as means ± 














































Figure 5-8. Expression of CD80 (A) and CD40 (B) in intestinal epithelial cells isolated from 
control mice (None-IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated mice 
(DSS+B.i-IEC). Freshly isolated IEC were analysed by flow cytometry using antibodies 
specific for the epithelial cell specific marker pan-cytokeratin and costimulatory molecules 
CD80 and CD40. The quadrants were drawn based on isotype. Percent values in the figures 
indicate the proportion of cells that were CD80+ or CD40+/pan-cytokeratin double-positive 
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Figure 5-9. Relative mRNA expression of CD80 (A) and CD40 (B) in colon-26 cells after IFN-
! stimulation. Results are expressed as means ± standard error (n = 4). *P < 0.05 and **P < 




Figure 5-10.  Suppressive effects of B. infantis on mRNA expression of CD80 (A) and CD40 
(B) in IFN-!-stimulated colon-26 cells. Results are expressed as means ± standard error (n = 4). 









































Figure 5-11. Effects of blocking antibodies for CD80, CD86, and CD40L on secret ion of IFN-! 
(A) and IL-17 (B) from coculture of intestinal epithelial cells from DSS-treated mice (DSS-
IEC) and CD4+T cells. Results are expressed as means ± standard error (n = 4). **P < 0.01 
versus CD4+T cells alone. ##P < 0.01 versus coculture of intestinal epithelial cells from DSS-
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Figure  5-12.  Secretion  IL-6  from  intestinal  epithelial  cells  stimulated  with  CD40  agonist 
antibody (CD40 agonist Ab). Intestinal epithelial cells were isolated from control mice (None-
IEC),  DSS-treated  mice  (DSS-IEC),  or  DSS-  and  B.  infantis-treated  mice  (DSS+B.i-IEC).  
Results are expressed as means ± standard error (n = 4). **P < 0.01 versus control mice (None-
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Figure 6-1.  Mechanisms by which lactic acid bacteria (LAB) protect intestinal barrier function. 
LAB increase  Tight  junction integrity  by regulating expression of  ZO-1 and MLCK. LAB 
decrease IL-8 secretion from intestinal epithelial  cells.  These protective effects of LAB are 
mediated by D-alanylated LTA. TLR2 signaling is essential in mediating the protective effects 
of LAB.!
TLR2
L. rhamnosus, E. hirae, S. thermophilus
D-alanylated LTA
decreased IL-8 secretion 
increased Tight junction integrity 
 increased ZO-1 expression 






Th1 cell Th17 cell
IL-17IFN-!
 
Figure 6-2.  Mechanisms by which lactic acid bacteria (LAB) downregulate Th1/Th17 cells. 
Inflamed intestinal  epithelial  cells  express  increased levels  of  CD80 and CD40.  CD80 and 
CD40  interact  with  CD28  and  CD40L expressed  in  CD4+  T cells,  respectively,  and  these 
interactions  are  essential  for  inflamed  intestinal  epithelial  cells-induced  Th1/Th17 
differentiation. LAB suppress the expression of CD80 and CD40 in intestinal epithelial cells, 
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